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Great Interest in Exome Interpretation 



Rational for Automated Pipeline 

  Filtering of data to biologically significant 
targets 

  Novel/rare variant detection 
  HGSC produces 16-18 Tbases/month 

  WGL can sequence up to 60 Exomes/month 

  Quality assurance/control 
  Complexity of pipeline 
  Manpower 



BCM Exome Sequencing Overview 

  HGSC Exome Pipeline 
  Now in place at the WGL and HGSC 

  Prep Sample DNA 
  Enrich for exon sequence – VCrome2.1 
  Sequence sample “exome” – HiSeq2000 
  Identify variants 
  Annotate variants for biological significance 
  Provide clinical interpretation through the WGL 



Primary Sequence Data Production 

Sequencing Instrument 
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Image Processing 
& Basecalling 

@HWI-ST115_0142:1:1:9815:1977#0/1 
ATTCGAGTCACTTGTACGGCCTTCACTGACAAAGAGCAGAGTGTAGTGTTGGAT 
+HWI-ST115_0142:1:1:9815:1977#0/1 
BIIQNPMMOMYZZY[]\Y\]]___[_`^^`^``Z``^_^_UVVMURTPPP_ZZZ 

Sequence Reads & Qualities (Basecall Confidence) 



Obligatory Cost Per Megabase 



Pipeline Design Requirements 

  Modularity 
  Allow components to be substituted at will 

  LIMS compatibility  
  Need to communicate with LIMS 

  Automated 
  As little human intervention as possible 

  Hardened 
  Graceful error catching with alerts 

  Code reusability - Ruby 



Sequence Data Analysis 

Annotate Variants 

~10Gbp of Reads 

@HWI-ST115_0142:1:1:9570:1993#0/1 
NAAAAGGTGTCTCATATCATGATCCTAAATAAGAGGTTTTCAAAACATTGAGACAATTCTTTAAGAAGGCTTCGCCTGTCACCTAAAACTTATCAACT
TA 
+HWI-ST115_0142:1:1:9570:1993#0/1 
BJIGMKOQIK_``^`^`^_`d]ddddddddddddd_```_[\\[[`\``^]`]`^dddd]ddddd_\\^`^__^`]`^`_^ddddddddd^__Q]____^ 
@HWI-ST115_0142:1:1:9644:1998#0/1 
NGCTCTAGCTATTAATTTTTACACTGGCTATACACCTTCCTGTTCATTTTCCATTATGTGTAGTACAAAAACATGGGGGTTTGTTGTACAAATTATTTTG 
+HWI-ST115_0142:1:1:9644:1998#0/1 
BQTTMXXYYZdddddddddddddddddddddaddddddddddddddddddddaddaaaaaddddddddddSSSS`ZYYVV^^^[[]`]_`_``_^aaaUS 
@HWI-ST115_0142:1:1:9672:1990#0/1 
NTATACGATTGGTAGAGGTAGAGAAAAAAAATAAACATATCGCCCAAAAAACAACTCTTTTTAGAGTCCTAGGGAGGCTGTCAGTTTCACAAAGTGA
CAT 
+HWI-ST115_0142:1:1:9672:1990#0/1 
BQQOMUVWVWddddd]]]]]```^`ddddddSSddddddaddddddddddddddddddddddd^ddddda__^^`[[R^^____[YY\[\OYVOZYY[XY 
@HWI-ST115_0142:1:1:9690:1988#0/1 
NTGTAATAGTAGCACTTTTGGAGGCCGAGGCGGATGGATCATGAGGTCAAGAGATGGTGACCATCCTGGCCAACATGGTGAAACCCCATCTCTAC
TAAAA 
+HWI-ST115_0142:1:1:9690:1988#0/1 
BQOPRYYXXZdddddddddddddddddddddddddddd^daaaaaaa^aaddddddaddddddddaaaaaa]aaa]aaa]OVUPX^]]^^_`_`_aaaaa 
@HWI-ST115_0142:1:1:9739:1999#0/1 
NTATCCAAGAAACCTGACTACTCAGAGATTAGCATTTTGGAGAGCCCACATGTAGGCACACCAGTCAACATCCCCATTGGAGCTCTTAGCCAACAA
CTGC 
+HWI-ST115_0142:1:1:9739:1999#0/1 
BVTVN\\\\\dddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddd^dddddddddddd^dddddd 
@HWI-ST115_0142:1:1:9815:1977#0/1 
CAGTTATCTAGTAGTTGCCTCTTCACTGACAAAGAGCAGAGTGTAGTGTTGGATTTAGAGGGGTATTCTAGTCTAGCTTCTTGGTTGTAGTTTCTGA
AAT 
+HWI-ST115_0142:1:1:9815:1977#0/1 
BIIQNPMMOMYZZY[]\Y\]]___[_`^^`^``Z``^_^_UVVMURTPPP_Z___ddddd^[[U^BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB 
@HWI-ST115_0142:1:1:10042:1965#0/1 
NACAGCCACGGAATGGAATGCACTCGAAAGCAATGGAGTCGAAACTAATGGACTGGAATAGAGTGGACTCGACTGGTACGGACTCCAATGGAATG
GAATC 
+HWI-ST115_0142:1:1:10042:1965#0/1 
BVVPP\\\\\ddddddddddddddddddddddddddddddddddddddddddddddddddaaaaad[ddd_^__`aaaaa`^Z_`d[ddddddad][]]] 
@HWI-ST115_0142:1:1:10097:1971#0/1 
NCATTACATGGACCACCTTCTGCCCCCTTCTCTGATGGTGGCTGTGCAGAATGCAGCTCGGGATGGCCTCCTGTTATACTCTCCTCTCCTGCCCT
CACCC 
+HWI-ST115_0142:1:1:10097:1971#0/1 
BTTTQYZWXYddddddddddddddddddddddddddddddaaaaadddddddddd\\]\XYWNKYZZZYYXT[[[YYWY[_`_`BBBBBBBBBBBBBBBB 

Call Variants and 
Estimate Quality 

Align to Reference Genome 

Production & 
Data QA/QC 

TGP 

HGMD 

dbSNP 

Cassandra 



Mercury Pipeline 
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Variant Calls & Annotation 

  Variant Calls with Atlas Suite (Fuli Yu) 
  Logistic regression & Bayesian framework for variant quality  
  Adjustable (very light in WGL) heuristic filtering 
  Genotyping 
  Available on HGSC website & Genboree workbench 

  Annotation with Cassandra (Matthew Bainbridge) 
  Queries databases of known variation 
  Provides ‘Pileup String’, Atlas QC measures 
  Identifies effect on genes & key regions 
  Includes gene function information to aid interpretation 



Databases Used in Cassandra 

SwissProt 
SwissProt data, funca1onal descrip1on, Expression disease 
associa1on 

Phase1MAF EXOME  MAF data from Thousand genomes exome 

Phase1MAF WGS  MAF data from Thousand genomes low cov whole genome 

UW MAF  MAF data from the UW Variant Exome Server 

CG MAF  MAF data from the complete genomics 75 whole genomes 

dbNSFP  deleteriousness data from dbNSFP 

Mappability  The mapability of the genome from UCSC 

HGMD snp  SNV data from HGMD 

dbSNP clinical  Clinically implicated variants from dbSNP 

dbSNP  dbSNP variants 

ESE indel  Indels from the HGSC database ESE 

HGMD indel  Indels from HGMD 

dbSNP indel  Indels from dbSNP 

TG indel exome  Indels from Thousand Genomes exome project 



Technical Replication 

Sample #  Test1  Test1 (%)  Test1 and 2  Test1 and 2(%)  Test2  Test2(%) 

HS‐1011  133  0.561%  23,320  98.409%  244  1.029% 

HS‐1015  155  0.542%  28,312  98.910%  157  0.548% 

HS‐1016  155  0.644%  23,752  98.732%  150  0.624% 

HS‐1017  105  0.456%  22,767  98.768%  179  0.777% 

HS‐1018  165  0.693%  23,531  98.795%  122  0.512% 

HS‐1019  162  0.682%  23,441  98.686%  150  0.631% 

HS‐1020  493  2.041%  23,518  97.355%  146  0.604% 

HS‐1021  161  0.681%  23,188  98.125%  282  1.193% 

Average  191  0.718%  23,979  98.473%  179  0.613% 



Possible Sources of Error 

  ~1% of sequenced bases are errors 
  Repeats, pseudogenes, etc. lead to misplaced 

reads (mismapping) 
  Uneven sampling (statistical sampling errors) 

lead to undercalled alleles 
  Annotation databases imperfect & incomplete 
  Imperfect phenotyping can be misleading 



Computational Requirements 

Casava  BWA  GATK/Picard/SAMtools  Atlas  Cassandra  
   bcl to fastq  final fastq  BWA align  build BAM  Merge  recal/ relgn  pileup  SNP call  in/del call  Annota1on 

nodes  1  0.25  2  1  1  0.5  0.5  1  1  1 

RAM(GB)  28  8  28  28  28  28  8  8  8  16 

hours  8  1  12  24  3  11  1  10  4  1 

node*hrs  8  0.25  24  24  3  5.5  0.5  10  4  1 

HGSC Compute Cluster 
 
  370 Nodes 
  3040 processors 
  Moab/Torque 
  4PB Storage 



 
 

What we do well now 

We Need a Bridge 

Primary 

Casava, etc. 

Secondary 

Mapping, 
BAMS 

Tertiary 

Annotation, 
filtering 

Diagnosis 

Hand 
Curation 



Example Report 



Future Directions 

  Cancer Pipeline 
  Tumor/Normal, Tumor/Normal/Normal 

  More Instrument Integration 
  Variant calls for list of VIPs 
  Addition of More Annotation Databases 
  More Filtering Tools 
  Automation of Physician Assisted Diagnosis  

  NLP, Heuristics 
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